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(57) A drive-force distribution controller for a four- 
wheel-drive vehicle in which drive force produced by an 
engine is transmitted directly to front or rear wheels and 
is transmitted to the remaining wheels via a torque dis- 
tribution clutch, and the engagement force of the torque 
distribution clutch is controlled in accordance with 
traveling conditions of the vehicle. The controller in- 
cludes a calculation unit for calculating variation per unit 
time in rotational speed difference between the front 
wheels and the rear wheels; and a control unit for con- 
trolling the engagement force such that the engagement 
force increases as the variation per unit time in the ro- 
tational speed difference increases. Alternatively, the 
controller includes a first judgment unit forjudging which 
is greater, the rotational speed of the front wheels or the 
rotational speed of the rear wheels; and a second judg- 
ment unit which is enabled when the first judgment unit 
has judged that the rotational speed of the front wheels 
is greater than the rotational speed of the rear wheels, 
in order to judge whether the acceleration of the vehicle 
is greater than a predetermined level. The engagement 
force of the torque distribution clutch is controlled in ac- 
cordance with results of the judgments performed by the 
first and second judgment units. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a drive-force 
distribution controller for a four-wheel-drive vehicle, and 
more particularly to a drive-force distribution controller 
for a four-wheel-drive vehicle which can distribute prop- 
er drive forces to front and rear wheels in accordance 
with traveling conditions of a vehicle to thereby improve 
traveling stability and steering feel. 

Description of the Related Art 

[0002] Conventionally, there has been known a drive- 
force distribution controller for a four-wheel-drive vehi- 
cle which variably controls the engagement force of a 
torque distribution clutch in accordance with the differ- 
ence in rotational speed between front and rear wheels. 
FIG 1 shows an exemplary control map used in such a 
drive-force distribution controller for a four-wheel-drive 
.vehicle. In FIG. 1, the vertical axis represents engage- 
ment force T, and the horizontal axis represents rota- 
tional speed difference AN between front and rear 
wheels. 

[0003] At the time of acceleration and starting on a 
so-called low-u road such as a snow-covered road or 
an icy road, acceleration or starting can be effected in 
a stable manner if the engagement force T is rendered 
large at the time of acceleration or starting through em- 
ployment of a mapping curve B indicated by a chain line 
in FIG. 1. 

[0004] However, increased engagement force makes 
it difficult to absorb a rotational speed difference pro- 
duced between the front and rear wheels while a vehicle 
travels around a tight comer or is being parked or put 
into a garage with a large steering angle, resulting in 
occurrence of a so-called tight-corner braking phenom- 
enon (in which turning becomes difficult as if brakes 
were being applied), and possible stalling of the engine. 
[0005] This problem may be solved though employ- 
ment of the mapping curve B which sharply increases 
the engagement force as the rotational speed difference 
AN increases, and a mapping curve C which moderately 
increases the engagement force as the rotational speed 
difference AN increases as shown in FIG. 1 . These map- 
ping curves B and C are selectively used depending on 
whether the rotational speed difference AN between the 
front and rear wheels is produced due to starting of the 
vehicle on a low u, road or acceleration, or due to 
traveling around a tight comer. However, it has been dif- 
ficult to judge whether the rotational speed difference 
AN between the front and rear wheels is produced due 
to starting of the vehicle on a low-u. road or acceleration, 
or due to traveling around a tight comer. In order to solve 
this difficulty, there has been proposed a technique in 



which steering angle is detected by use of a steering 
angle sensor, and when a steering angle greater than a 
predetermined value is detected, a vehicle is judged to 
be traveling around a tight corner or in a tight-comer 
traveling mode. Further, there has been proposed a 
technique in which the amount by which an accelerator 
is depressed is detected by use of an accelerator sen- 
sor, and when an accelerator depression amount great- 
er than a predetermined value is detected, the vehicle 
is judged to be accelerating or in an acceleration mode. 
[0006] However, provision of the steering sensor and 
the accelerator sensor increases cost, which is undesir- 
able. 

[0007] Therefore, when use of the steering sensor 
and the accelerator sensor must be avoided, the con- 
ventional drive-force distribution controller for a four- 
wheel-drive vehicle uses a mapping curve A which is 
shown by a solid line in FIG. 1 and which has a slope 
between that of the mapping curve B, which sharply in- 
creases the engagement force with increase in the ro- 
tational speed difference AN, and that of the mapping 
curve C, which moderately increases the engagement 
force with increase in the rotational speed difference AN. 
[0008] However, since the mapping curve A used in 
the conventional drive-force distribution controller for a 
four-wheel-drive vehicle is between the mapping curves 
B and C, a large engagement force cannot be obtained 
at the time of starting on a low-|i road or at the time of 
acceleration, so that wheels which receive the distribut- 
ed drive force easily slip or spin out. Further, the above- 
mentioned tight-comer braking phenomenon easily oc- 
curs when the vehicle travels around a tight comer at 
low speed or is parked or put into a garage. 
[0009] That is, the conventional drive-force distribu- 
tion controller for a four-wheel-drive vehicle cannot de- 
termine whether a rotational speed difference AN is pro- 
duced between the front and rear wheels due to either 
acceleration orstarting, or due to traveling around a tight 
corner, and therefore cannot finely control the engage- 
ment force of the torque distribution clutch in accord- 
ance with the traveling conditions of the four-wheel- 
drive vehicle. Accordingly, the drive-force distribution 
controller cannot improve traveling stability and steering 
feel. 

SUMMARY OF THE INVENTION 

[0010] In view of the foregoing, an object of the 
present invention is to provide a drive-force distribution 
controller for a four-wheel-drive vehicle which can finely 
control the engagement force of a torque distribution 
clutch in accordance with the traveling conditions of the 
four-wheel-drive vehicle to thereby improve traveling 
stability and steering feel. 

[0011] The present invention provides a drive-force 
distribution controller for a four-wheel-drive vehicle in 
which drive force produced by a prime mover is trans- 
mitted directly to front or rear wheels and is transmitted 
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to the remaining wheels via a torque distribution clutch, 
and the engagement force of the torque distribution 
clutch is controlled in accordance with traveling condi- 
tions of the vehicle. The drive-force distribution control- 
ler comprises a calculation unit for calculating variation 5 
per unit time in rotational speed difference between the 
front wheels and the rear wheels; and a control unit for 
controlling the engagement force such that the engage- 
ment force increases as the variation per unit time in the 
rotational speed difference increases. 
[0012] The calculation unit calculates variation per 
unit time in the rotational speed difference between the 
front wheels and the rear wheels; i.e., acceleration of 
the rotational speed difference. The acceleration of the 
rotational speed difference becomes large when the ve- 
hicle starts on a low-|i road, such as a snow-covered 
road or an icy road, or starts abruptly, and becomes 
small when the vehicle travels around a tight corner or 
is parked or put into a garage with a large steering angle. 
[001 3] The control unit controls the torque distribution 
clutch such that the engagement force increases as the 
variation per unit time in the rotational speed difference 
increases, as calculated by the calculation unit. 
[0014] In other words, the control unit increases the 
engagement force when the vehicle starts on a low-u. 
road, such as a snow-covered road or an icy road, or 
starts abruptly, because the acceleration of the rotation- 
al speed difference becomes large in such a state. 
[0015] Accordingly, the ratio of distribution of drive 
force to wheels which are not connected directly to the 
prime mover (i.e., wheels which receive a portion of the 
drive force) can be increased, which enables stable 
starting and acceleration while preventing slippage of 
the wheels. 

[0016] In contrast, the control unit decreases the en- 
gagement force when the vehicle travels around a tight 
corner or is parked or put into a garage with a large 
steering angle, because the acceleration of the rotation- 
al speed difference becomes small in such a state. 
[0017] Accordingly, the rotational speed difference 
between the front and rear wheels can be absorbed, 
whereby occurrence of the above-mentioned tight-cor- 
ner braking phenomenon can be prevented. 
[0018] Preferably, the control unit controls the en- 
gagement force in accordance with the rotational speed 
difference, as well as variation per unit time in the rota- 
tional speed difference. More preferably, the control unit 
comprises a control map for determining the engage- 
ment force in accordancewith the rotational speed dif- 
ference and variation per unit time in the rotational 
speed difference. 

[0019] Preferably, the drive force distribution control- 
ler further comprises a sensor for detecting the differ- 
ence between rotational speed on the input side of the 
torque distribution clutch and rotational speed on the 
output side of the torque distribution clutch, and the cal- 
culation unit calculates variation per unit time in the ro- 
tational speed difference detected by the sensor. 
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[0020] More preferably., the sensor comprises first 
and second annular members which are disposed to ro- 
tate together with one of input-side and output-side 
members of the torque distribution clutch and which are 
provided with sensing teeth formed on their outer cir- 
cumferential surfaces at a predetermined pitch such that 
a phase difference is provided between the teeth of the 
first annular member and the teeth of the second annu- 
lar member; and a pair of sensing heads disposed to 
rotate together with the other of the input-side and out- 
put-side members of the torque distribution clutch and 
to face the sensing teeth of the first annular member and 
the sensing teeth of the second annular member, re- 
spectively. 

[0021 ] The present invention further provides a drive- 
force distribution controller for a four-wheel-drive vehi- 
cle in which drive force produced by a prime mover is 
transmitted directly to front wheels and is transmitted to 
rear wheels via a torque distribution clutch, and the en- 
gagement force of the torque distribution clutch is con- 
trolled in accordance with traveling conditions of the ve- 
hicle. The drive-force distribution controller comprises a 
first judgment unit forjudging which is greater; the rota- 
tional speed of the front wheels or the rotational speed 
of the rear wheels; a second judgment unit which is en- 
abled when the first judgment unit has judged that the 
rotational speed of the front wheels is greater than the 
rotational speed of the rear wheels, in order to judge 
whether the acceleration of the vehicle is greater than 
a predetermined level; a first setting unit for setting the 
engagement force to a relatively large first value when 
the second judgment unit has judged that the accelera- 
tion of the vehicle is greater than the predetermined lev- 
el; a second setting unit for setting the engagement 
force to a second value smaller than the first value when 
the second judgment unit has judged that the accelera- 
tion of the vehicle is not greater than the predetermined 
level; and a third setting unit for setting the engagement 
force to a third value smaller than the first value but 
greater than the second value when the first judgment 
unit has judged that the rotational speed of the front 
wheels is less than the rotational speed of the rear 
wheels. 

[0022] The first judgment unit judges which is greater; 
the rotational speed of the front wheels or the rotational 
speed of the rear wheels. 

[0023] The four-wheel-drive vehicle designed on the 
basis of front wheel drive in which the drive force gen- 
erated by the prime mover is transmitted directly to the 
front wheels has the following characteristics. When the 
vehicle is in a tight-corner mode (when the vehicle trav- 
els at low speed around a tight corner, or is being parked 
or put into a garage) or in an acceleration mode (when 
the vehicle accelerates or when the vehicle starts on a 
low-ui road such as a snow-covered road or an icy road), 
the rotational speed of the front wheels becomes greater 
than that of the rear wheels (a forward-rotation mode). 
In contrast, when the vehicle in a reverse-rotation mode 
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(when braking or engine brake is effected), the rotational 
speed of the rear wheels becomes greater than that of 
the front wheels. Therefore, it is possible to judge wheth- 
er the vehicle is in the forward-rotation mode or the re- 
verse-rotation mode through judgment as to which is 
greater; the rotational speed of the front wheels or the 
rotational speed of the rear wheels. 
[0024] When the first judgment unit has judged that 
the rotational speed of the front wheels is greater than 
the rotational speed of the rear wheels, the second judg- 
ment un it judges whether the acceleration of the vehicle 
is greater than a predetermined level. 
[0025] As described above, the forward-rotation 
mode includes two modes; i.e., the tight-comer mode 
and the acceleration mode. Since the acceleration of the 
vehicle in the tight-corner mode is smaller than that is 
the acceleration mode, it is possible to judge whether 
the vehicle is in the tight-corner mode or the acceleration 
mode through judgment as to whether the acceleration 
of the vehicle is greater than a predetermined level. 
[0026] The first setting unit sets the engagement force 
to a relatively large first value when the second judg- 
ment unit has judged that the acceleration of the vehicle 
is greater than the predetermined level; i.e., when the 
vehicle is in the acceleration mode. 
[0027] That is, when the vehicle starts on a low-u. road 
or accelerates at an acceleration greater than the pre- 
determined level, the engagement force of the torque 
distribution clutch can be increased in order to increase 
the ratio of distribution to the rear wheels of the drive 
force generated by the prime mover. Therefore, starting 
and acceleration can be effected in a stable manner, 
while slippage of the front wheels is prevented. 
[0028] The second setting unit sets the engagement 
force to a second value smaller than the first value when 
the second judgment unit has judged that the accelera- 
tion of the vehicle is not greater than the predetermined 
level. 

[0029] That is, when the vehicle travels at low speed 
around a tight corner, or is parked or put into a garage, 
the engagement force of the torque distribution clutch 
can be decreased in order to absorb the rotational speed 
difference between the front and rear wheels. Thus, the 
above-described tight-corner braking phenomenon can 
be prevented. 

[0030] Further, the third setting unit sets the engage- 
ment force to a third value smaller than the first value 
but greater than the second value when the first judg- 
ment unit has judged that the rotational speed of the 
front wheels is less than the rotational speed of the rear 
wheels. 

[0031] That is, when the rotational speed of the rear 
wheels becomes greater than the rotational speed of the 
front wheels due to, for example, deceleration of the ve- 
hicle caused by means of braking or engine brake, the 
engagement force is set to the third value smaller than 
the first value but greater than the second value in order 
to prevent slippage of the front wheels to thereby im- 



prove traveling stability. 

[0032] Preferably each of the first to third setting units 
sets the engagement force in consideration of the rota- 
tional speed difference between the front and rear 

5 wheels. More preferably, each of the first to third setting 
units sets the engagement force by use of a control map. 
[0033] The present invention further provides a drive- 
force distribution controller for a four-wheel-drive vehi- 
cle in which drive force produced by a prime mover is 

10 transmitted directly to rear wheels and is transmitted to 
front wheels via a torque distribution clutch, and the en- 
gagement force of the torque distribution clutch is con- 
trolled in accordance with traveling conditions of the ve- 
hicle. The drive-force distribution controller comprises a 

15 first judgment unit forjudging which is greater; the rota- 
tional speed of the front wheels or the rotational speed 
of the rear wheels; a first setting unit for setting the en- 
gagement force to a relatively large first value when the 
first judgment unit has judged that the rotational speed 

20 of the front wheels is less than the rotational speed of 
the rear wheels; and a second setting unit for setting the 
engagement force to a second value smaller than the 
first value when the first judgment unit has judged that 
the rotational speed of the front wheels is greater than 

25 the rotational speed of the rear wheels, wherein the sec- 
ond value increases with the speed of the vehicle. 
[0034] The first judgment unit judges which is greater; 
the rotational speed of the front wheels or the rotational 
speed of the rear wheels. 

30 [0035] The four-wheel-drive vehicle designed on the 
basis of rear wheel drive in which the drive force gener- 
ated by the prime mover is transmitted directly to the 
rear wheels has the following characteristics. When the 
vehicle is in an acceleration mode (when the vehicle ac- 

35 celerates or when the vehicle starts on a low-u. road 
such as a snow-covered road or an icy road), the rota- 
tional speed of the rear wheels becomes greater than 
that of the front wheels (a forward-rotation mode). In 
contrast, when the vehicle is in a reverse- rotat ion/tig ht- 

40 comer mode (when the vehicle travels at low speed 
around a tight comer, or is parked or put into a garage; 
or when braking or engine brake is effected), the rota- 
tional speed of the front wheels becomes greater than 
that of the rear wheels. Therefore, it is possible to judge 

45 whether the vehicle is in the forward-rotation mode or 
the reverse-rotation/tight-corner mode through judg- 
ment as to which is greater; the rotational speed of the 
front wheels or the rotational speed of the rear wheels. 
[0036] The first setting unit sets the engagement force 

so to a relatively large first value when the first judgment 
unit has judged that the rotational speed of the rear 
wheels is greater than the rotational speed of the front 
wheels; i.e., when the vehicle is in the acceleration 
mode. 

55 [0037] That is, when the vehicle starts on a low-u. road 
or accelerates at an acceleration greater than the pre- 
determined level, the engagement force of the torque 
distribution clutch can be increased in order to increase 
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the ratio of distribution to the front wheels of the drive 
force generated by the prime mover. Therefore, starting 
and acceleration can be effected in a stable manner, 
while slippage of the rear wheels is prevented. 
[0038] When the first judgment unit has judged that 
the rotational speed of the front wheels is greater than 
the rotational speed of the rear wheels, the second set- 
ting unit sets the engagement force to a second value 
which is smaller than the first value and which increases 
with the speed of the vehicle. 

[0039] That is, when the vehicle travels at low speed 
around a tight corner, or is being parked or put into a 
garage, the engagement force of the torque distribution 
clutch can be decreased in order to absorb the rotational 
speed difference between the front and rear wheels. 
Thus, the above-described tight-corner braking phe- 
nomenon can be prevented. 

[0040] Further, when the rotational speed of the front 
wheels becomes greater than the rotational speed of the 
rear wheels due to, for example, deceleration of the ve- 
hicle caused by means of braking or engine brake, the 
engagement force is set to the second value which is 
smallerthan the first value and which increases with the 
speed of the vehicle. Thus, slippage of the rear wheels 
is prevented to thereby improve traveling stability. 
[0041 ] Preferably, each of the first and second setting 
units sets the engagement force in consideration of the 
rotational speed difference between the front and rear 
wheels. More preferably, each of the first and second 
setting units sets the engagement force by use of a con- 
trol map. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] Various other objects, features and many of 
the attendant advantages of the present invention will 
be readily appreciated as the same becomes better un- 
derstood by reference to the following detailed descrip- 
tion of the preferred embodiments when considered in 
connection with the accompanying drawings, in which: 



FIG. 5A is a graph showing the relationship be- 
tween time and rotational speed difference between 
front and rear wheels at the time of starting on a 
low-u road or at the time of abrupt starting; 

5 FIG 5B is a graph showing the relationship between 

time and rotational speed difference between front 
and rear wheels at the time a vehicle travels at low 
speed with a large steering angle, such as when 
traveling around a tight comer; 

10 FIG . 6 is a flowchart showing the flow of processing 
which the CPU performs in order to control the en- 
gagement force of the coupling in the first embodi- 
ment; 

FIG. 7 is a diagram schematically showing the 
is structure of a four-wheel-drive vehicle which is pro- 
vided with a drive-force distribution controller ac- 
cording to a second embodiment of the present in- 
vention; 

FIG. 8A, 8B. and 8C are graphs showing engage- 
20 ment-force control maps to which the CPU refers in 
order to control a coupling shown in FIG 7; 
FIG 9 is a flowchart showing the flow of processing 
which the CPU performs in order to control the en- 
gagement force of the coupling in the second em- 
25 bodiment; 

FIG 10 is a diagram schematically showing the 
structure of a four-wheel-drive vehicle which is pro- 
vided with a drive-force distribution controller ac- 
cording to a third embodiment of the present inven- 
30 tion; 

FIG. 11Aand 11Bare graphs showing engagement- 
force control maps to which the CPU refers in order 
to control a coupling shown in FIG. 10; and 
FIG. 12 is a flowchart showing the flow of process- 
es ing which the CPU performs in order to control the 
engagement force of the coupling in the third em- 
bodiment. 

DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 



FIG. 1 is a graph showing an exemplary control map 
used in a conventional drive-force distribution con- 
troller for a four-wheel-drive vehicle; 
FIG. 2 Is a diagram schematically showing the 
structure of a four-wheel-drive vehicle which is pro- 
vided with a drive-force distribution controller ac- 
cording to a first embodiment of the present inven- 
tion; 

FIG, 3A is a sectional view of a sensor; 
FIG. 3B is an enlarged view of sensing teeth pro- 
vided on the outer circumferential surfaces of annu- 
lar members shown in FIG. 3A; 
FIG. 3C shows time charts of signals output from 
the sensor shown in FIG. 3A; 
FIG. 4A and 4B are graphs showing engagement- 
force control maps to which a CPU refers in order 
to control a coupling shown in FIG. 2; 



[0043] Embodiments of the present invention will be 
described with reference to the drawings. 

45 First Embodiment: 

[0044] FIG. 2 is a diagram schematically showing the 
structure of a four-wheel-drive vehicle which is provided 
with a drive -force distribution controller according to a 
50 first embodiment of the present invention. In the first em- 
bodiment, a description will be given while a four-wheel- 
drive vehicle which is designed on the basis of front 
wheel drive is taken as an example. 

55 [Basic Structure) 

[0045] A drive force (drive power) generated by an en- 
gine 12 mounted on a four-wheel-drive vehicle 10A is 
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transmitted from a transmission 14 to a front differential 
gear 1 6 and is further transmitted to front axle shafts 1 8 
connected to the front differential gear 1 6, whereby front 
wheels FT1 and FT2 connected to the front axle shafts 
18 are driven. Further, the drive force transmitted to the 
front differential gear 16 is transmitted to a first drive 
shaft 20 connected to the front differential gear 16 and 
then to a coupling 22 connected to the first drive shaft 
20. A second drive shaft 24 is connected to the coupling 
22. The coupling 22 includes an electromagnetic clutch 
22a composed of a plurality of clutch disks. 
[0046] When the plurality of clutch disks of the cou- 
pling 22 are brought into an engaged state, rotational 
torque of the first drive shaft 20 is transmitted to the sec- 
ond drive shaft 24 connected to the coupling 22. Rota- 
tional torque of the second drive shaft 24 is transmitted 
to a rear differential gear 26 and then to rear axle shafts 
28 connected to the rear differential gear 26, whereby 
rear wheels RT1 and RT2 connected to the rear axle 
shafts 28 are driven. 

[Sensor Structure] 

[0047] Next, the structure of a sensor 40 for detecting 
rotational speed difference between the first and second 
drive shafts 20 and 24 will be described with reference 
to FIGS. 3Ato 3C, wherein FIG. 3A is a sectional view 
of the sensor 40; FIG 3B is an enlarged view of sensing 
teeth provided on the outer circumferential surfaces of 
annular members shown in FIG. 3A; and FIG 3C shows 
time charts of signals output from the sensor 40 shown 
in FIG 3A. 

[0048] As shown in FIG 3A, the coupling 22 has a cou- 
pling case 22b connected to the first drive shaft 20. The 
second drive shaft 24 is inserted into the coupling case 
22b, and rotational torque of the first drive shaft 20 is 
transmitted to the second drive shaft 24 via the electro- 
magnetic clutch 22a. Annular members 42 and 43 each 
made of a magnetic material are coaxially attached on 
the circumferential surface of the second drive shaft 24. 
[0049] As shown in FIG. 3B, a plurality of sensing 
teeth 42a of uniform length and height are provided on 
the outer circumferential surface of the annular member 
42 at uniform pitch. A plurality of sensing teeth 43a hav- 
ing the same size and shape as those of the sensing 
teeth 42a are provided on the outer circumferential sur- 
face of the annular member 43 at uniform pitch such that 
the sensing teeth 43a are shifted from the sensing teeth 
42a by a half pitch. That is, each sensing tooth 43a over- 
laps with the corresponding sensing tooth 42a over a 
distance corresponding to half the tooth length. Detec- 
tion heads 41a and 41b each including a coil are at- 
tached onto the outer surface of the coupling case 22b 
at locations that face the annular members 42 and 43, 
respectively. The annular members 42 and 43 and the 
detection heads 41 a and 41 b constitute the sensor 40. 
[0050] The detection heads 41a and 41b are in con- 
tact with unillustrated slip rings serving as signal pickup 



means, and the detection heads 41 a and 41 b output de- 
tection signals via the slip rings. The detection signals 
are pulse signals as shown in FIG 3C ? and the period 
(interval) of the pulse signals corresponds to the interval 

5 at which the sensing teeth 42a and 43a are detected. 
[0051] When a rotational speed difference AN is pro- 
duced between the first and second drive shafts 20 and 
24, the rotational speed difference AN is detected 
through detection of the period of the pulse signals. Var- 

10 iation in the rotational speed difference AN per unit time; 
i.e., acceleration a, can be obtained through calculation 
of variation in the period of the pulse signals per unit 
time. The calculation of the period and acceleration a is 
performed by a CPU 34 provided in an ECU 30 (see 

15 FIG. 2). 

[0052] As described above, each of the sensing teeth 
42a provided on the annular member 42 overlaps with 
a corresponding one of the sensing teeth 43a provided 
on the annular member 43 over a distance correspond- 

20 ing to half the tooth length. Therefore, when the direction 
of relative rotation between the first and second drive 
shafts 20 and 24 changes, the phase relationship be- 
tween the pulse signals output from the detection heads 
41 a and 41 b changes. Here, it is assumed that forward 

25 rotation is relative rotation in such a direction that the 
phase of the detection signal from the detection head 
41a leads by half a period the phase of the detection 
signal from the detection head 41b, as shown in FIG. 
3C. Therefore, when the direction of relative rotation be- 

30 tween the first and second drive shafts 20 and 24 is 
changed from the forward direction to the reverse direc- 
tion, the phase of the detection signal from the detection 
head 41 a lags by half a period the phase of the detection 
signal from the detection head 41 b. 

35 [0053] The CPU 34 compares the phase of the detec- 
tion signal output from the detection head 41a and the 
phase of the detection signal output from the detection 
head 41 b and judges which one leads the other, to there- 
by judge whether the detected relative rotation is for- 

40 ward rotation or reverse rotation. 

[Electrical Configuration] 

[0054] As shown in FIG. 2, the four-wh eel- drive vehi- 
45 cle 10A is equipped with the ECU 30, which controls the 
coupling 22 and other components. The ECU 30 in- 
cludes an input/output circuit 32, the above-mentioned 
CPU 34, ROM 36, and RAM 38. The input/output circuit 
32 inputs detection signals output from the sensor 40 
50 and outputs a control signal to the coupling 22. Upon 
reception of the control signal, the coupling 22 operates 
the electromagnetic clutch 22a and controls the engage- 
ment force produced among the plurality of clutch disks 
in accordance with the voltage of the control signal. 
55 [0055] As described above, the CPU 34 inputs a sig- 
nal (hereinafter referred to as a "rotational speed differ- 
ence signal M ) 40a representing the rotational speed dif- 
ference AN between the first and second drive shafts 20 
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and 24 detected by the sensor 40, and calculates vari- 
ation in the rotational speed difference AN per unit time; 
i.e., acceleration a and direction of relative rotation be- 
tween the first and second drive shafts 20 and 24. 
[0056] The ROM 36 stores various control maps and 5 
a computer program which enables the CPU 34 to per- 
form various types of controls. The RAM 38 temporarily 
stores a computer program to be executed by the CPU 
34 and results of calculations performed by the CPU 34. 
[0057] Next, engagement-force control maps to which 10 
the CPU 34 refers during execution of the computer pro- 
gram for controlling the coupling 22 will be described 
with reference to FIGS. 4A, 4B, 5A, and 5B. 
[0058] I n the following description , when the rotational 
speed difference AN > 0, the vehicle is considered to be is 
in a forward-rotation mode, and when the rotational 
speed difference AN < 0, the vehicle is considered to be 
in a reverse-rotation mode. 

[0059] FIGS. 4A and 4B show engagement-force con- 
trol maps to which the CPU 34 refers during execution 20 
of the computer program for controlling the coupling 22, 
wherein FIG. 4A shows a forward -rotation -mode map 
used in the forward-rotation mode, and FIG. 4B shows 
a reverse -rot at ion -mode map used in the reverse- rota- 
tion mode. FIG. 5A is a graph showing the relationship 
between time T and the rotational speed difference AN 
between front and rear wheels at the time of starting on 
a low-u road or at the time of abrupt starting. FIG. 5B is 
a graph showing the relationship between time T and 
the rotational speed difference AN between front and 
rear wheels at the time a vehicle travels at low speed 
with a large steering angle, such as while traveling 
around a tight corner. 

[0060] As shown in FIG. 5A, at the time of starting on 
a low-u, road or at the time of abrupt starting, since drive 
force is transmitted directly to the front wheels, the front 
wheels slip and spin out, with the result that the rotation- 
al speed difference AN between front and rear wheels 
increases abruptly immediately after initiation of move- 
ment. Further, as shown in FIG 5B, at the time of tight- 
corner traveling, the rotational speed difference AN in- 
creases gradually after initiation of the tight-corner 
traveling. Through comparison of FIGS. 5A and 5B, it is 
understood that variation in the rotational speed differ- 
ence AN per unit time; i.e., acceleration at the time of 
starting on a low-ji road or abrupt starting, differs from 
that at the time of tight-corner traveling. 
[0061] In view of the forgoing, the present inventors 
found that detection of acceleration of the rotational 
speed difference AN enables the state in which the ve- 
hicle 1 0A starts on a low-u, road or starts abruptly to be 
distinguished from the state in which the vehicle 10A 
travels around a tight comer. On the basis of this finding, 
the present inventors have invented means for finely 
controlling the engagement force through changeover 
of engagement-force control maps in accordance with 
the acceleration of the rotational speed difference AN. 
[0062] The engagement-force control maps include 



the forward-rotation-mode map 36a shown in FIG. 4A 
and the reverse-rotation -mode map 36b shown in FIG. 
4B. In FIGS. 4A and 4B, the horizontal axis represents 
rotational speed difference AN, and the vertical axis rep- 
resents engagement force T The forward-rotation- 
mode map 36a includes a plurality of maps having dif- 
ferent characteristics corresponding to different gains 
which are determined on the basis of the acceleration 
of the rotational speed difference AN. 
[0063] When the vehicle 10A starts on a low-ji road 
such as a snow-covered road or an icy road or the ve- 
hicle 10A starts abruptly, the acceleration a is large (e. 
g., gain G2 is selected), so that the engagement force 
T is controlled to increase. 

[0064] Accordingly, the ratio of distribution of drive 
force to the rear wheels RT1 and RT2canbe increased, 
whereby starting and acceleration can be effected in a 
stable manner, while slippage and spinning out of the 
front wheels FT1 and FT2 are prevented. 
[0065] When the vehicle 10A travels around a tight 
comer or the vehicle 1 0A is parked or put into a garage 
with a large steering angle, the acceleration a of the ro- 
tational speed difference AN is small (e.g., gain G1 is 
selected), so that the engagement force T is controlled 
to decrease. 

[0066] Accordingly, the rotational speed difference 
AN between the front and rear wheels can be absorbed, 
so that the above-described tight-comer braking phe- 
nomenon can be prevented. 

[0067] The reverse-rotation-mode map 36b is an en- 
gagement-force control map used when the rotational 
speed difference AN < 0; i.e., when the rotational speed 
of the rear wheels becomes greater than that of the front 
wheels due to, for example, deceleration caused by 
means of braking or engine brake. The ratio of increase 
in the engagement force T to increase in the rotational 
speed difference AN is an intermediate value which is 
larger than that in the map for gain G1 but is smaller 
than that in the map for gain G2. 
[0068] That is, when the vehicle 10A is decelerated 
through braking or engine brake, the engagement force 
T is controlled to an intermediate level. Thus, slippage 
of the wheels is prevented to thereby enhance traveling 
stability. 

[0069] Next, the flow of processing that the CPU 34 
executes in order to control the engagement force Twill 
be described with reference to the flowchart of FIG. 6. 
[0070] The CPU 34 inputs the rotational speed differ- 
ence signals 40a output from the sensor 40 (step (here- 
inafter abbreviated to "S") 10) and calculates the rota- 
tional speed difference AN on basis of the rotational 
speed difference signals 40a (S12). When the rotational 
speed difference signals 40a are periodic signals, the 
period of the signals is measured, and the rotational 
speed difference AN is calculated on basis of the meas- 
ured period. 

[0071] Subsequently, the CPU 34 judges whether the 
rotational speed difference AN calculated in S12 is pos- 
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itive or negative (S14). When the rotational speed dif- 
ference AN is positive (S14: Yes), the CPU 34 differen- 
tiates the rotational speed difference AN in order to ob- 
tain an acceleration a of the rotational speed difference 
AN (S16). Subsequently, the CPU 34 determines a gain 5 
G corresponding to the acceleration a calculated in S1 6 
(S1 8). The larger the acceleration a, the larger the gain 
G that is determined. That is, when the front wheels of 
the vehicle 1 0A are slipping and spinning out at the time 
of starting on a low-ji road or at the time of abrupt start- 10 
ing, the acceleration a is large, and therefore the gain 
G is set to be large. When the vehicle 1 0A travels at low 
speed with a large steering angle; e.g., travels around 
a tight comer, the acceleration a is small, and therefore 
the gain G is set to be small. 15 
[0072] Subsequently, while referring to the forward- 
rotation-mode map 36a stored in the ROM 36, the CPU 
34 selects a map corresponding to the gain G deter- 
mined in S18, and extracts from the selected map an 
engagement force T corresponding to the rotational 20 
speed difference AN calculated in S12 (S20). Subse- 
quently, the CPU 34 outputs to the coupling 22 a control 
signal 30a having a voltage corresponding to the en- 
gagement force T determined in S20 (S24). 
[0073] When the rotational speed difference AN is 25 
negative; i.e. , when the vehicle is in the reverse-rotation 
mode (S14: No), while referring to the reverse- rotation- 
mode map 36b stored in the ROM 36, the CPU 34 ex- 
tracts an engagement force T corresponding to the ro- 
tational speed difference AN calculated in S12 (S22). 30 
Subsequently, the CPU 34 outputs to the coupling 22 a 
control signal 30a having a voltage value corresponding 
to the engagement force T determined in S22 (S24). As 
described above, the reverse-rotation-mode map 36b is 
set such that the ratio of increase in the engagement 35 
force T to increase in the rotational speed difference AN 
becomes an intermediate value which is larger than that 
in the map for gain G1 but smaller than that in the map 
for gain G2 in the forward-rotation -mode map 36a. 
Therefore, the engagement force T can be controlled to *o 
an intermediate level corresponding to the rotational 
speed difference AN. When the rotational speed of the 
front wheels FT1 and FT2 decreases due to engine 
brake, the vehicle 1 0A is forced by inertia to continue its 
traveling, so that the front wheels FT1 and FT2 easily 45 
slip and spin out. In view of this problem, drive torque is 
distributed to the rear wheels RT1 and RT2. However, 
when an excessively large drive torque is supplied to 
the rear wheels RT1 and RT2, on which smaller loads 
act as compared with the front wheels FT1 and FT2, the so 
rear wheels RT1 and RT2 easily slip and spin out, which 
deteriorates steering stability. Therefore, the engage- 
ment torque T is controlled to the above-described in- 
termediate level. 

[0074] That is, when the vehicle 1 0A is decelerated 55 
by means of braking or engine brake, a drive force cor- 
responding to the degree of deceleration can be distrib- 
uted to the rear wheels. Therefore, slippage of wheels 



can be prevented to thereby enhance traveling stability. 
[0075] In the case of a vehicle on which an anti-lock 
brake system (ABS) is mounted, in order to avoid inter- 
ference with ABS control, a control program differing 
from that of the present invention is executed when the 
ABS system operates. 

[0076] As described above, when the drive-force dis- 
tribution controller for a four-wheel-drive vehicle accord- 
ing to the first embodiment is used, the engagement 
force of the torque distribution clutch can be controlled 
finely according to the traveling conditions of the four- 
wheel-drive vehicle 1 0A, by use of the acceleration a of 
rotational speed difference AN only. Therefore, traveling 
stability and steering feel can be improved without use 
of a steering sensor or an accelerator sensor. Further, 
since the engagement force T can be controlled through 
use of a single sensor 40, the number of sensors can 
be decreased as compared with conventional drive- 
force distribution controllers, in order to reduce produc- 
tion cost of the drive-force distribution controller. In ad- 
dition, since the signals representing the rotational 
speed difference AN are input directly, the processing 
load of the CPU 34 can be reduced, so that an inexpen- 
sive processor can be used for the CPU 34, which fur- 
ther reduces production cost. 

[0077] The drive force distribution controller for a four- 
wheel-drive vehicle according to the present embodi- 
ment can be applied to drive force distribution control 
for a four-wheel-drive vehicle designed on the basis of 
rear wheel drive. 

[0078] In this case, the vehicle enters the forward ro- 
tation mode when the rotational speed of the second 
drive shaft 24 becomes greater than that of the first drive 
shaft 20 and thus the rotational speed difference AN be- 
comes negative, and the vehicle enters the reverse ro- 
tation mode when the rotational speed difference AN be- 
comes positive. That is, the inequality used for judgment 
in S14 in FIG. 6 is changed to "AN < 0?°. Further, since 
distribution of torque to the front wheels is controlled 
finely in S20 and S22, the traveling stability and steering 
feel can be improved. Further, since the engagement 
force T can be controlled through use of a single sensor 
40, the number of sensors can be decreased as com- 
pared with conventional drive-force distribution control- 
lers, in order to reduce production cost of the drive-force 
distribution controller. In addition, since the signals rep- 
resenting the rotational speed difference AN are input 
directly, the processing load of the CPU 34 can be re- 
duced, so that an inexpensive processor can be used 
for the CPU 34, which further reduces production cost. 
[0079] In the first embodiment, a map corresponding 
to the gain determined in S18 is selected, and an en- 
gagement force T corresponding to the rotational speed 
difference AN calculated in S12 is extracted from the se- 
lected map (S20). However, the first embodiment may 
be modified such that a single map is used to constitute 
the forward-rotation-mode map 36a, and a value ex- 
tracted from the map is multiplied by the gain G to obtain 
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the engagement force T. 

[0080] Further in the first embodiment, the sensor 40 
is composed of the annular members 42 and 43 made 
of a magnetic material and the detection heads 41 a and 
41b each having a coil. However, a rotary encoder or 
any other suitable sensor may be used. When a rotary 
encoder is used, a light emission element of the encoder 
is attached to a member which rotates together with one 
of the first and second drive shafts 20 and 24, and a light 
reception element of the encoder is attached to a mem- 
ber which rotates together with the other of the first and 
second drive shafts 20 and 24. 

[0081] When the drive-force distribution controller for 
a four-wheel-drive vehicle according to the present em- 
bodiment is applied to a vehicle equipped with ABS sys- 
tem, rotational speed difference AN and acceleration a 
may be calculated on the basis of the wheel speeds of 
the front and rear wheels which are obtained on the ba- 
sis of signals output from wheel speed sensors provided 
for the front and rear wheels, respectively. 
[0082] In the first embodiment, the engine 12 corre- 
sponds to the prime mover of the present invention; and 
the coupling 22 corresponds to the torque distribution 
clutch of the present invention. Further, S16 of the pro- 
gram executed by the CPU 34 serves as the calculation 
unit of the present invention, and S18 to S22 of the pro- 
gram serve as the control unit of the present invention. 

Second Embodiment: 

[0083] FIG. 7 shows the structure of a four-wheel- 
drive vehicle 10B which is provided with a drive-force 
distribution controller according to a second embodi- 
ment of the present invention. In the second embodi- 
ment, a description will be given, while a four-wheel- 
drive vehicle which is designed on the basis of front 
wheel drive is taken as an example. 

[Basic Structure] 

[0084] Since the basic structure of the four-wheel- 
drive vehicle 1 0B is similar to that of the four-wheel-drive 
vehicle 10A of the first embodiment, only a portion that 
differs will be described. The same or corresponding 
portions are denoted by the same reference numerals, 
and repeated descriptions are omitted. 
[0085] In the present embodiment, first and second 
sensors 50 and 52 are used in place of the sensor 40 
used in the first embodiment. The first sensor 50 is dis- 
posed in the vicinity of the first drive shaft 20 in order to 
detect the rotational speed of the first drive shaft 20, and 
the second sensor 52 is disposed in the vicinity of the 
second drive shaft 24 in order to detect the rotational 
speed of the second drive shaft 24. 

[Electrical Configuration] 

[0086] Since the electrical configuration of the four- 



wheel-drive vehicle 10B is similar to that of the four- 
wheel-drive vehicle 10A of the first embodiment, only a 
portion that differs will be described. The same or cor- 
responding portions are denoted by the same reference 

5 numerals, and repeated descriptions are omitted. 

[0087] As shown in FIG 7, the input/output circuit 32 
inputs detection signals output from the first and second 
sensors 50 and 52. The detection signal 50a from the 
first sensor50 represents the rotational speed of the first 

10 drive shaft 20; i.e., the rotational speed N1 as measured 
on the input side of the coupling 22 (hereinafter referred 
to as "input rotational speed NT), and the signal 50a 
representing the input rotational speed N1 will be called 
an "input rotational speed signal." The detection signal 

15 52a from the second sensor 52 represents the rotational 
speed of the second drive shaft 24; i.e., the rotational 
speed N2 as measured on the output side of the cou- 
pling 22 (hereinafter referred to as "output rotational 
speed N2"), and the signal 52a representing the output 

20 rotational speed N2 will be called an "output rotational 
speed signal." The CPU 34 calculates the rotational 
speed difference AN between the input rotational speed 
N1 and the output rotational speed N2 on the basis of 
the input rotational speed signal and the output rotation- 
's al speed signal. 

[0088] Next, engagement-force control maps to which 
the CPU 34 refers during execution of the computer pro- 
gram for controlling the coupling 22 will be described 
with reference to FIGS. 8A, 8B, and 8C. 

30 [0089] In the following description, when the input ro- 
tational speed N1 > the output rotational speed N2, the 
vehicle is considered to be in a forward-rotation mode, 
and when the input rotational speed N1 < the output ro- 
tational speed N2, the vehicle is considered to be in a 

35 reverse-rotation mode. 

[0090] The engagement-force control maps include a 
tight-corner-mode map 36a shown in FIG 8A, an accel- 
eration-mode map 36b shown in FIG. 8B, and a reverse- 
rotation-mode map 36c shown in FIG. 8C. 

40 [0091 ] The tight-corner-mode map 36a is an engage- 
ment-force control map which is used when the four- 
wheel-drive vehicle 10B turns at low speed; e.g., when 
the vehicle 10B is turned around a tight corner, is being 
parked, or is put into a garage. The tight-corner-mode 

45 map 36a has characteristics such that engagement 
force T increases moderately as the rotational speed dif- 
ference AN increases. 

[0092] That is, the tight-corner-mode map 36a is used 
when the vehicle i 0B turns at low speed; in particular, 

so when the vehicle 1 0B turns with a large steering angle. 
Use of the tight-comer-mode map 36a enables the en- 
gagement force T to be maintained relatively small even 
when the rotational speed difference AN increases dur- 
ing the turning. Thus, the above-described tight-comer 

55 braking phenomenon is prevented. 

[0093] The acceleration-mode map 36b is an engage- 
ment-force control map which is used when the four- 
wheel-drive vehicle 1 0B starts on a low-p. road or accel- 
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erates at an acceleration greater than a predetermined 
level. The acceleration-mode map 36b has characteris- 
tics such that engagement force T increases sharply as 
the rotational speed difference AN increases when the 
rotational speed difference AN is relatively small (until 5 
the rotational speed difference AN reaches ANt) , and the 
engagement force T increases moderately when the ro- 
tational speed difference AN is relatively large (after the 
rotational speed difference AN has reached ANt). 
[0094] That is, when the four-wheel -drive vehicle 1 0B 10 
starts on a low-u. road or accelerates at an acceleration 
greater than the predetermined level, the engagement 
force T can be increased sharply, so that the ratio of dis- 
tribution to the rear wheels of drive force generated by 
the engine can be increased. Thus, acceleration and 15 
starting are effected in a stable manner, while slippage 
of the front wheels is prevented. 
[0095] The reverse-rotation-mode map 36c is an en- 
gagement-force control map used when the input rota- 
tional speed N1 < the output rotational speed N2; i.e., 
when the rotational speed of the rear wheels becomes 
greater than that of the front wheels due to, for example, 
deceleration caused by means of braking or engine 
brake. The ratio of increase in the engagement force T 
to increase in the rotational speed difference AN is an 
intermediate value which is smaller than that in the ac- 
celeration-mode map 36b but larger than that in the 
tight-comer-mode map 36a. 

[0096] That is, when the vehicle 10B is decelerated 
through braking or engine brake, the engagement force 
T is controlled to become an intermediate level. Thus, 
slippage of the front wheels is prevented to thereby en- 
hance traveling stability. 

[0097] Next, the flow of processing that the CPU 34 
executes in order to control the engagement force T will 
be described with reference to the flowchart of FIG. 9. 
[0098] The CPU 34 inputs the input rotational speed 
signal 50a output from the first sensor 50 and the output 
rotational speed signal 52a output from the second sen- 
sor 52 (S1 10). The CPU 34 then calculates the input ro- 
tational speed N1 on the basis of the input rotational 
speed signal 50a and calculates the output rotational 
speed N2 on the basis of the output rotational speed 
signal 52a (S112). When the input rotational speed sig- 
nal 50a is a periodic signal, the period of the input rota- 
tional speed signal 50a is measured, and the input ro- 
tational speed N 1 is calcu lated on the basis of the meas- 
ured period. Similarly, when the output rotational speed 
signal 52a is a periodic signal, the period of the output 
rotational speed signal 52a is measured, and the output 
rotational speed N2 is calculated on the basis of the 
measured period. 

[0099] Subsequently, the CPU 34 subtracts the output 
rotational speed N2 from the input rotational speed N1 
to thereby obtain the rotational speed difference AN, and 
calculates the acceleration a of the four-wheel-drive ve- 
hicle 1 0B on the basis of increase in the output rotational 
speed N2 per unit time (S114). The reason why the ac- 



celeration a of the four-wheel-drive vehicle 10B is cal- 
culated on the basis of the output rotational speed N2 
is that in the four-wheel-drive vehicle 10B ; which is de- 
signed on the basis of front wheel drive, the front wheels 
easily spin out atthe time of acceleration or starting, and 
therefore, the acceleration a cannot be calculated ac- 
curately from the input rotational speed N1 , which rep- 
resents the rotational speed of the first drive shaft 20 
provided on the front wheel side. 
[0100] Subsequently, the CPU 34 judges whether the 
rotational speed difference AN calculated in S1 1 4 is pos- 
itive or negative (S116). When the rotational speed dif- 
ference AN is positive (S116: Yes), the CPU 34 judges 
whether the acceleration a calculated in S114 is greater 
than a preset value a1 stored in the ROM 36; i.e., wheth- 
er the four-wheel-drive vehicle 10B is in a tight-corner 
mode or an acceleration mode (S118). 
[0101 ] When the acceleration a is less than the preset 
value ot1 ; i.e., when the vehicle 10B is in the tight-comer 
mode (S118: No), while referring to the tight-corner- 
mode map 36a stored in the ROM 36, the CPU 34 ex- 
tracts an engagement force T corresponding to the ro- 
tational speed difference AN calculated in S114 (S120). 
Subsequently, the CPU 34 outputs to the coupling 22 a 
control signal 30a having a voltage value corresponding 
to the engagement force T determined in S120 (S126). 
In this case, since the tight-comer-mode map 36a is set 
such that the ratio of increase in the engagement force 
T to increase in the rotational speed difference AN is 
relatively small, the voltage of the control signal 30a out- 
put to the coupling 22 is relatively low. 
[0102] Accordingly, the clutch disks of the electro- 
magnetic clutch 22a engage with a relatively small en- 
gagement force, and thus a relatively small rotational 
torque is transmitted form the first drive shaft 20 to the 
second drive shaft 24, whereby the drive force of the 
rear wheels RT1 and RT2 can be decreased. 
[0103] Thus, the above-described tight-corner brak- 
ing phenomenon — which would otherwise occur due to 
excess distribution of torque to the rear wheels RT1 and 
RT2 — can be prevented. 

[0104] When the rotational speed difference AN is 
positive and the acceleration a is not less than the pre- 
set value a1 ; i.e., the vehicle 10B is in the acceleration 
mode (S118: Yes), while referring to the acceleration- 
mode map 36b stored in the ROM 36, the CPU 34 ex- 
tracts an engagement force T corresponding to the ro- 
tational speed difference AN calculated in S114 (S122). 
Subsequently, the CPU 34 outputs to the coupling 22 
the control signal 30a having a voltage value corre- 
sponding to the engagement force T determined in S1 22 
(S126). In this case, since the acceleration -mode map 
36b is set such that the engagement force T increases 
sharply even when the rotational speed difference AN 
is small, the voltage of the control signal 30a output to 
the coupling 22 is relatively high. 
[0105] Accordingly, the clutch disks of the electro- 
magnetic clutch 22a engage with a relatively large en- 
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gagement force, and thus a relatively large rotational 
torque is transmitted form the first drive shaft 20 to the 
second drive shaft 24, whereby the drive force of the 
rear wheels RT1 and RT2 can be increased. 
[01 06] That is, since the ratio of distribution of torque 
to the rear wheels RT1 and RT2 can be increased, ac- 
celeration or starting is effected, while slippage of the 
front wheels FT1 and FT2 is prevented. 
[0107] When the rotational speed difference AN is 
negative; i.e., when the vehicle is in the reverse-rotation 
mode (S116: No), while referring to the reverse-rotation- 
mode map 36c stored in the ROM 36, the CPU 34 ex- 
tracts an engagement force T corresponding to the ro- 
tational speed difference AN calculated in S114 (S124). 
Subsequently, the CPU 34 outputs to the coupling 22 a 
control signal 30a having a voltage value corresponding 
to the engagement force T determined in S124 (S126). 
As described above, the reverse-rotation-mode map 
36c is set such that the ratio of increase in the engage- 
ment force T to increase in the rotational speed differ- 
ence AN becomes an intermediate value which is srnall- 
erthan that in the acceleration-mode map 36b but larger 
than that in the tight-corner mode map 36a. Therefore, 
the engagement force T can be controlled to an inter- 
mediate level corresponding to the rotational speed dif- 
ference AN. 

[0108] When the rotational speed of the front wheels 
FT1 and FT2 decreases due to engine brake, the vehicle 
10B is forced by inertia to continue its traveling, so that 
the front wheels FT1 and FT2 easily slip and spin out. 
In view of this problem, drive torque is distributed to the 
rear wheels RT1 and RT2. However, when an exces- 
sively large drive torque is supplied to the rear wheels 
RT1 and RT2, on which smaller loads act as compared 
with the front wheels FT1 and FT2, the rear wheels RT1 
and RT2 easily slip and spin out, which deteriorates 
steering stability. Therefore, the engagement torque T 
is controlled to the above-described intermediate level. 
[0109] That is, when the vehicle 10B is decelerated 
by means of braking or engine brake, a drive force cor- 
responding to the degree of deceleration can be distrib- 
uted to the rear wheels. Therefore, slippage of wheels 
can be prevented to thereby enhance traveling stability. 
[0110] In the case of a vehicle on which an anti-lock 
brake system (ABS) is mounted, in order to avoid inter- 
ference with ABS control, a control program differing 
from that of the present invention is executed when the 
ABS system operates. 

[01 1 1 ] As described above, when the drive-force dis- 
tribution controller for a four-wheel-drive vehicle accord- 
ing to the present embodiment is used, the engagement 
force of the torque distribution clutch can be controlled 
finely according to the traveling conditions of the four- 
wheel-drive vehicle 1 0B, by use of only the first and sec- 
ond sensors 40 and 42 for detection of rotational speed. 
Therefore, traveling stability and steering feel can be im- 
proved without use of a steering sensor or an accelera- 
tor sensor. 



[0112] The present embodiment may be modified 
such that a step for calculating the vehicle speed V of 
the four-wheel-drive vehicle 10Bis inserted before S1 22 
and before S124, and the slope of a mapping curve of 

5 each of the acceleration -mode map 36b and the re- 
verse-rotation-mode map 36c (gain of the engagement 
force T extracted from the map) is controlled in accord- 
ance with the vehicle speed V. Thus, finer control is en- 
abled. In this case, if the vehicle speed V is calculated 

10 on the basis of the input rotational speed N1 . the vehicle 
speed V cannot be calculated accurately, due to spin- 
ning out of the front wheels FT1 and FT2. Therefore, the 
vehicle speed V is desirably calculated on the basis of 
the output rotational speed N2. 

15 [01 13] In the second embodiment, the engine 1 2 cor- 
responds to the prime mover of the present invention; 
and the coupling 22 corresponds to the torque distribu- 
tion clutch of the present invention. Further, S116 of the 
program executed by the CPU 34 serves as the first 

20 judgment unit of the present invention, S 118 of the pro- 
gram serve as the second judgment unit of the present 
invention, and S122 of the program serve as the first 
setting unit of the present invention, S120 of the pro- 
gram serve as the second setting unit of the present in- 

25 vention, and S1 24 of the program serve as the third set- 
ting unit of the present invention. 

Third Embodiment: 

30 [0114] FIG. 10 shows the structure of a four-wheel- 
drive vehicle 10C which is provided with a drive-force 
distribution controller according to a third embodiment 
of the present invention. FIGS. 11A and 11 B are graphs 
showing engagement-force control maps to which the 

35 CPU 34 refers. FIG 12 is a flowchart showing the flow 
of processing which the CPU 34 performs in order to 
control the engagement force T of the coupling 22. 
[0115] The drive force distribution controller accord- 
ing to the present embodiment is adapted to control dis- 

40 tribution of drive force in a four-wheel-drive vehicle 
which is designed on the basis of rear wheel drive. 
[0116] In the following description, when the input ro- 
tational speed N1 > the output rotational speed N2, the 
vehicle is considered to be in a forward-rotation mode, 

45 and when the input rotational speed N1 < the output ro- 
tational speed N2, the vehicle is considered to be in a 
reverse-rotation mode. Further, portions which are the 
same as those in the second embodiment are denoted 
by the same reference numerals, and repeated descrip- 

50 tions are omitted. 

[0117] As shown in FIG. 10, the first drive shaft 20 
connected to the transmission 14 of the four-wheel-drive 
vehicle 10C is connected directly to the rear differential 
gear 26 and is connected to the second drive shaft 24 

55 via the coupling 22. The second drive shaft 24 is con- 
nected to the front differential gear 16. 
[01 18] The engagement-force control maps stored in 
the ROM 36 include a reverse/tight-comer-mode map 
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36d shown in FIG. 11 A and an acceleration-mode map 
36e shown in FIG. 11B. 

[0119] The reverse/tight-corner-mode map 36d is an 
engagement-force control map which is used when the 
four-wheel-drive vehicle 10C turns at low speed; e.g., 5 
when the vehicle 1 0C is turned around a tight comer, is 
being parked, or is put into a garage or when the vehicle 
1 0C is decelerated by means of braking or engine brake. 
The slope of the mapping curve of the reverse/tight-cor- 
ner-mode map 36d increases with vehicle speed V. That 
is. the gain of the engagement force T extracted from 
the reverse/tight-comer-mode map 36d increases with 
vehicle speed V. When the vehicle 10C turns at low 
spocd: e.g. . the vehicle 1 0C is turned around a tight cor- 
ner, as indicated by G1 in FIG. 11 A, the gain of the en- 
gagement torce T is set to a low level, and when the 
vehicle 10C is decelerated, as indicated by G2 in FIG. 
1 1 A. the gain of the engagement force T is set to a high 
level. 

[01 20] The acceleration-mode map 36e has the same 
characteristics as those of the acceleration-mode map 
36a in the second embodiment. 

[0121] Next, the flow of processing that the CPU 34 
executes in order to control the engagement force T will 
be described with reference to the flowchart of FIG. 12. 
[0122] The CPU 34 inputs the input rotational speed 
signal 50a output from the first sensor 50 and the output 
rotational speed signal 52a output from the second sen- 
sor 52 (S 130). The CPU 34 then calculates the input 
rotational speed N1 on the basis of the input rotational 
speed signal 50a and calculates the output rotational 
speed N2 on the basis of the output rotational speed 
signal 52a (S1 32). Subsequently, the CPU 34 subtracts 
the output rotational speed N2 from the input rotational 
speed N1 to obtain the rotational speed difference AN 
(S134). Subsequently, the CPU 34 judges whether the 
rotational speed difference AN calculated in S134 is 
positive or negative; i.e., whether the vehicle is in the 
forward-rotation mode or the reverse- rotation mode 
(S136). When the vehicle is in the reverse- rotation mode 
(S136: No) : the CPU 35 calculates the vehicle speed V 
of the four-wheel-drive vehicle 10C on the basis of the 
output rotation speed N2 (S1 38) and determines a gain 
(S140). The reason why the vehicle speed V is calcu- 
lated on the basis of the output rotational speed N2 is 
that in the four-wheel-drive vehicle 10C, which is de- 
signed on the basis of rear wheel drive, the rear wheels 
easily spin out at the time of acceleration or starting, and 
therefore, the vehicle speed V cannot be calculated ac- 
curately from the input rotational speed N1 , which rep- 
resents the rotational speed of the first drive shaft 20 
connected directly to the rear wheel side. 
[0123] Subsequently, while referring to the reverse/ 
tight-comer-mode map 36d stored in the ROM 36, the 
CPU 34 extracts an engagement force T corresponding 
to the rotational speed difference AN calculated in S1 34 
and multiplies the extracted engagement force T by the 
gain calculated in S140 (S142). Subsequently, the CPU 



22 

34 outputs to the coupling 22 a control signal 30a having 
a voltage value corresponding to the engagement force 
T multiplied by the gain (S1 46). When the vehicle speed 
V is low; e.g., at the time of tight-corner traveling, the 
ratio of increase in the engagement force T to increase 
in the rotational speed difference AN is set to a relatively 
small level, and the voltage of the control signal 30a out- 
put to the coupling 22 is relatively low. 
[0124] Accordingly, the clutch disks of the electro- 
magnetic clutch 22a engage with a relatively small en- 
gagement force, and thus a relatively small rotational 
torque is transmitted form the first drive shaft 20 to the 
second drive shaft 24, whereby the drive force of the 
front wheels FT1 and FT2 can be decreased. 
[0125] Thus, the above- described tight-corner brak- 
ing phenomenon — which would otherwise occur due to 
excess distribution of torque to the front wheels FT1 and 
FT2 — can be prevented. 

[0126] The drive force distribution control can be ef- 
fected in such a manner that when the vehicle speed V 
is high, the ratio of increase in the engagement force T 
to increase in the rotational speed difference AN is an 
intermediate value which is larger than that during tight- 
comer traveling but smaller than that during accelera- 
tion. When the rotational speed of the rear wheels RT1 
and RT2 decreases due to engine brake, the vehicle 
10C is forced by inertia to continue its traveling, so that 
the rear wheels RT1 and RT2 easily slip and spin out. 
In view of this problem, drive torque is distributed to the 
front wheels FT1 and FT2. However, when an exces- 
sively large drive torque is supplied to the front wheels 
FT1 and FT2, steering stability deteriorates. Therefore, 
the engagement torque T is controlled to become great- 
er than that during tight-comer traveling but smallerthan 
that during acceleration. 

[0127] That is, when the vehicle 10C is decelerated 
by means of braking or engine brake, a drive force cor- 
responding to the degree of deceleration can be distrib- 
uted to the front wheels. Therefore, slippage of wheels 
can be prevented to thereby enhance traveling stability. 
[0128] In the case of a vehicle on which an anti-lock 
brake system (ABS) is mounted, in order to avoid inter- 
ference with ABS control, a control program differing 
from the control program of the present invention is ex- 
ecuted when the ABS system operates. 
[0129] When the vehicle is-in the forward-rotation 
mode; i.e., in the acceleration mode (S136: Yes), while 
referring to the acceleration-mode map 36e stored in the 
ROM 36, the CPU 34 extracts an engagement force T 
corresponding to the rotational speed difference AN cal- 
culated in S134 (S144). Subsequently, the CPU 34 out- 
puts to the coupling 22 the control signal 30a having a 
voltage value corresponding to the engagement force T 
determined in S144 (S146). In this case, since the ac- 
celeration-mode map 36e is set such that the engage- 
ment force T increases sharply even when the rotational 
speed difference AN is small, the voltage of the control 
signal 30a output to the coupling 22 is relatively high. 
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[0130] Accordingly, the clutch disks of the electro- 
magnetic clutch 22a engage with a relatively large en- 
gagement force, and thus a relatively large rotational 
torque is transmitted form the first drive shaft 20 to the 
second drive shaft 24, whereby the drive force of the 
front wheels FT1 and FT2 can be increased. 
[0131] That is, since the ratio of distribution of torque 
to the front wheels FT1 and FT2 can be increased, sta- 
ble acceleration or starting is effected, while slippage of 
the rear wheels RT1 and RT2 is prevented. 
[0132] As described above, when the drive-force dis- 
tribution controller for a four-wheel-drive vehicle accord- 
ing to the present embodiment is used, the engagement 
force of the torque distribution clutch can be controlled 
finely according to the traveling conditions of the four- 
wheel-drive vehicle 1 0C, by use of only the first and sec- 
ond sensors 40 and 42 for detection of rotational speed. 
Therefore, traveling stability and steering feel can be im- 
proved without use of a steering sensor or an accelera- 
tor sensor. 

[0133] The present embodiment may be modified 
such that a step for calculating the vehicle speed V of 
the four-wheel-drive vehicle 10C is inserted before 
S144, and the slope of a mapping curve of the acceler- 
ation-mode map 36e (gain of the engagement force T 
extracted from the map) is controlled in accordance with 
the vehicle speed V. Thus, finer control is enabled. 
[01 34] When the drive-force distribution controller for 
a four-wheel-drive vehicle according to the second or 
third embodiment is applied to a vehicle equipped with 
ABS system, rotational speed difference AN may be cal- 
culated on the basis of the wheel speeds of the front and 
rear wheels which are obtained on the basis of signals 
output from wheel speed sensors provided for the front 
and rear wheels, respectively. 

[0135] In the third embodiment, the engine 12 corre- 
sponds to the prime mover of the present invention; and 
the coupling 22 corresponds to the torque distribution 
clutch of the present invention. Further, S136 of the pro- 
gram executed by the CPU 34 serves as the first judg- 
ment unit of the present invention, S1 44 of the program 
serve as the first setting unit of the present invention, 
and S142 of the program serve as the second setting 
unit of the present invention. 

[0136] Obviously, numerous modifications and varia- 
tions of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present 
invention may be practiced otherwise than as specifical- 
ly described herein. 

[0137] A drive-force distribution controller for a four- 
wheel-drive vehicle in which drive force produced by an 
engine is transmitted directly to front or rear wheels and 
is transmitted to the remaining wheels via a torque dis- 
tribution clutch, and the engagement force of the torque 
distribution clutch is controlled in accordance with 
traveling conditions of the vehicle. The controller in- 
cludes a calculation unit for calculating variation per unit 



time in rotational speed difference between the front 
wheels and the rear wheels; and a control unit for con- 
trolling the engagement force such that the engagement 
force increases as the variation per unit time in the ro- 

5 tational speed difference increases. Alternatively, the 
controller includes a first judgment unitfor judging which 
is greater, the rotational speed of the front wheels or the 
rotational speed of the rear wheels; and a second judg- 
ment unit which is enabled when the first judgment unit 

10 has judged that the rotational speed of the front wheels 
is greater than the rotational speed of the rear wheels, 
in order to judge whether the acceleration of the vehicle 
is greater than a predetermined level. The engagement 
force of the torque distribution clutch is controlled in ac- 

15 cordance with results of the judgments performed by the 
first and second judgment units. 



Claims 

1 . A drive-force distribution controller for a four-wheel- 
drive vehicle in which drive force produced by a 
prime mover is transmitted directly to front or rear 
wheels and is transmitted to the remaining wheels 
via a torque distribution clutch, and the engagement 
force of the torque distribution clutch is controlled 
in accordance with traveling conditions of the vehi- 
cle, the drive-force distribution controller compris- 
ing: 

a calculation unit for calculating variation per 
unit time in rotational speed difference between 
the front wheels and the rear wheels; and 
a control unit for controlling the engagement 
force such that the engagement force increas- 
es as the variation per unit time in the rotational 
speed difference increases. 

2. A drive-force distribution controller for a four-wheel- 
40 drive vehicle according to claim 1 , wherein the con- 
trol unit controls the engagement force in accord- 
ance with the rotational speed difference, as well as 
the variation per unit time in the rotational speed dif- 
ference. 

45 

3. A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 2, wherein the con- 
trol unit comprises a control map for determining the 
engagement force in accordance with the rotational 

so speed difference and variation per unit time in the 
rotational speed difference. 

4. A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 1 , wherein the drive 

55 force distribution controllerf urther comprises a sen- 
sor for detecting the difference between rotational 
speed on the input side of the torque distribution 
clutch and rotational speed on the output side of the 
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torque distribution clutch; and the calculation unit 
calculates variation per unit time in the rotational 
speed difference detected by the sensor. 

5. A drive-force distribution controller for a four-wheel- 5 
drive vehicle according to claim 4, wherein the sen- 
sor comprises first and second annular members 
which are disposed to rotate together with one of 
input-side and output-side members of the torque 
distribution clutch and which are provided with io 
sensing teeth formed on their outer circumferential 
surfaces at a predetermined pitch such that a phase 
difference is provided between the teeth of the first 
annular member and the teeth of the second annu- 
lar member; and a pair of sensing heads disposed is 
to rotate together with the other of the input-side and 
output-side members of the torque distribution 
clutch and to face the sensing teeth of the first an- 
nular member and the sensing teeth of the second 
annular member, respectively. 20 

6. A drive-force distribution controller for a four-wheel- 
drive vehicle in which drive force produced by a 
prime mover is transmitted directly to front wheels 
and is transmitted to rear wheels via a torque dis- 25 
tribution clutch, and the engagement force of the 
torque distribution clutch is controlled in accord- 
ance with traveling conditions of the vehicle, the 
drive-force distribution controller comprising: 

30 

a first judgment unit for judging which is greater; 
the rotational speed of the front wheels or the 
rotational speed of the rear wheels; 
a second judgment unit which is enabled when 
the first judgment unit has judged that the rota- 35 
tional speed of the front wheels is greater than 
the rotational speed of the rear wheels , in order 
to judge whether the acceleration of the vehicle 
is greater than a predetermined level; 
a first setting unit for setting the engagement 40 
force to a relatively large first value when the 
second judgment unit has judged that the ac- 
celeration of the vehicle is greaterthan the pre- 
determined level; 

a second setting unit for setting the engage- *s 
ment force to a second value smaller than the 
first value when the second judgment unit has 
judged that the acceleration of the vehicle is not 
greater than the predetermined level; and 
a third setting unit for setting the engagement so 
force to a third value smaller than the first value 
but greater than the second value when the first 
judgment unit has judged that the rotational 
speed of the front wheels is less than the rota- 
tional speed of the rear wheels. 55 

7. A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 6, wherein each of 



the first to third setting units sets the engagement 
force in consideration of the rotational speed differ- 
ence between the front and rear wheels. 

8. A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 7, wherein each of 
the first to third setting units sets the engagement 
force by use of a control map. 

9. A drive-force distribution controller for a four-wheel- 
drive vehicle in which drive force produced by a 
prime mover is transmitted directly to rear wheels 
and is transmitted to front wheels via a torque dis- 
tribution clutch, and the engagement force of the 
torque distribution clutch is controlled in accord- 
ance with traveling conditions of the vehicle, the 
drive-force distribution controller comprising: 

a first judgment unit forjudging which is greater; 
the rotational speed of the front wheels or the 
rotational speed of the rear wheels; 
a first setting unit for setting the engagement 
force to a relatively large first value when the 
first judgment unit has judged that the rotational 
speed of the front wheels is less than the rota- 
tional speed of the rear wheels; and 
a second setting unit for setting the engage- 
ment force to a second value smaller than the 
first value when the first judgment unit has 
judged that the rotational speed of the front 
wheels is greater than the rotational speed of 
the rear wheels, wherein the second value in- 
creases with the speed of the vehicle. 

1 0. A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 9, wherein each of 
the first and second setting units sets the engage- 
ment force in consideration of the rotational speed 
difference between the front and rear wheels. 

1 1 . A drive-force distribution controller for a four-wheel- 
drive vehicle according to claim 10, wherein each 
of the first and second setting units sets the engage- 
ment force by use of a control map. 
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FIG. 3A 
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